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By definition, armies must fight on and control the 
ground. The importance of this fact is not of recent ori-
gin. The Roman, Vegetius, writing in the Fourth century, 
very aptly stated that, "The nature of the ground is often 
of more importance than courage."(!) For many years the 
military forces of the United States have valued the advice 
of the geological sciences in the appraisal of "ground," or 
more properly, terrain conditions, just as the recommenda-
tions of physicists, chemists, and engineers have been 
applied to military problems. 
The first formal use of the science of geology for 
purposes of military terrain analysis occurred in Europe 
during World War I. All of the major powers employed geo-
logical staffs on the varied problems of trench warfare. 
Determination of surface and subsurface excavation condi-
tions, water supply, location of aggregate resources and 
the planning and execution of large scale underground com-
bat mining campaigns were only some of the varied responsi-
bilities of the military geologists of that time. The 
United States, a late arrival on the military scene in 
April, 1917, sent to France an outstanding team of geolo-
gists led by Alfred H. Brooks, later principal Alaskan 
geologist for the Geological Survey. Detailed discussions 
ii 
ABSTRACT 
This study is an investigation of the environmental 
conditions which affect cross country movement for tracked 
military vehicles on a major portion of the Fort Leonard 
Wood Military Reservation. 
The terrain has been mapped from the trafficability 
standpoint by an investigation of the geology, topography, 
pedology and restrictive vegetation characteristics of the 
Bloodland seven and one-half minute quadrangle. The ter-
rain analysis was accomplished by a combination of map 
study, laboratory investigation, photo interpretation, and 
direct field study of representative soil and vegetation 
types. The conclusions of this analysis are presented in 
the form of a cross country movement map. 
iii 
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By definition, armies must fight on and control the 
ground. The importance of this fact is not of recent ori-
gin. The Roman, Vegetius, writing in the Fourth century, 
very aptly stated that, "The nature of the ground is often 
of more importance than courage."(!) For many years the 
military forces of the United States have valued the advice 
of the geological sciences in the appraisal of "ground," or 
more properly, terrain conditions, just as the recommenda-
tions of physicists, chemists, and engineers have been 
applied to military problems. 
The first formal use of the science of geology for 
purposes of military terrain analysis occurred in Europe 
during World War I. All of the major powers employed geo-
logical staffs on the varied problems of trench warfare. 
Determination of surface and subsurface excavation condi-
tions, water supply, location of aggregate resources and 
the planning and execution of large scale underground com-
bat mining campaigns were only some of the varied responsi-
bilities of the military geologists of that time. The 
United States, a late arrival on the military scene in 
April, 1917, sent to France an outstanding team of geolo-
gists led by Alfred H. Brooks, later principal Alaskan 
geologist for the Geological Survey. Detailed discussions 
of the types of terrain analysis performed and the role of 
the geologist have been described by Brooks( 2 ) and Ball. ( 3 ) 
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World War II saw a tremendous increase in the application 
of geologists to world wide military terrain problems. 
Much of the European theatre of war had been adequately 
mapped, both geologically and topographically, prior to the 
war and did not present undue difficulty to the military 
terrain analyst. This situation was reversed in the Pacific 
theatre of war since many of the islands had been under 
Japanese control for a number of years. Little was known of 
terrain conditions on many of these islands, and on several 
occasions lack of precise terrain data caused severe casu-
alties. 
In this war, rather than create a corps of geologists 
within the military service, as had been done during World 
War I, the talents available within the U. S. Geological 
Survey were put to use through creation of a civilian mili-
tary geology branch. This branch is still actively pro-
ducing military terrain studies as an integral part of the 
geological survey. 
The present requirements for mobility in Southeast 
Asia have presented contemporary terrain analysts with 
significant problems which must be solved to increase our 
knowledge of terrain conditions in this extremely difficult 
militarily important area. Extensive terrain research in 
these regions is now being conducted by the Corps of 




Contemporary military tactics are based on the premise 
of high mobility of tanks, self-propelled artillery, and 
infantry riding in full-tracked armored personnel carriers. 
In many areas of the world adverse terrain conditions, 
coupled with inherent vehicle limitations, severely limit 
this. desired mobility. Commanders have found it increas-
ingly necessary to rely on previously prepared maps which 
delineate movement off of the established road net. These 
are the so called Cross Country Movement or in British par-
lance, 11 Going" maps . 
The significant terrain factors which determine move-
ment capabilities are topographic slope, soils, weather and 
vegetation. The first two of these parameters are a direct 
function of geological conditions. The analysis of all 
these factors will not only show a commander the movement 
possibilities in his combat zone but can, with proper in-
terpretation, indicate strong defensive terrain and shorten 
the amount of time required for reconnaissance prior to 
military operations. 
The purpose of this thesis is to investigate the major 
environmental terrain factors which influence military op-
erations in a portion of the Fort Leonard Wood area. The 
results of this research will be incorporated into a com-
posite map of slope characteristics, soils trafficability, 
and vegetation conditions. Principal interest will be focused 
on tracked vehicle mobility. 
The Bloodland Quadrangle was chosen as the locale for this 
study because it represents a large part of the major maneuver 
area on the Fort Wood Militar,y Reservation. Only a very cursory 
study of the Bloodland Quadrangle has ever been ~de. (5) 
Fort Wood has been the scene of increasing maneuver activity in 
the past, and there are indications~that future maneuvers will 
be held in this area. In view of the apparent fact that move-
ment possibilities are quite restricted in the Bloodland area, 
a detailed knowledge of the terrain conditions will be of 
benefit to units exercising in this location. Recent (1964) 
suitable aerial photography of the entire quadrangle was used 
to make a current evaluation of vegetation characteristics. 
5 
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III. AREA DESCRIPTION 
LOCATION 
The Bloodland Quadrangle is in the extreme southwest-
ern corner of Pulaski County, Missouri. It lies approxi-
mately 135 miles southwest of St. Louis, Missouri, and 
seven miles south of the Pulaski county seat at Waynesville. 
The study area extends from 37° 37' 30" to 37° 45' north 
latitude and from 92° 07' 30 11 to 92° 15' west longitude. 
The quadrangle encompasses an area of approximately fifty 
nine square miles. Access to the region may be obtained 
on Fort Wood Route No. 1, a paved highway running in a 
north-south direction through the entire mapped area; 
Pulaski County Route H, a gravel road; and from Missouri 
Route 17, a paved road which lies immediately to the west 
of the Bloodland Quadrangle. 
PHYSIOGRAPHY 
The Bloodland area occupies a portion of the north-
western part of the Salem Plateau on the northern flank of 
the Ozark Dome. (6 ) Bretz(?) in his recent study of the 
geomorphology of the Ozarks considers that it is part of 
the Big Piney-Roubidoux divide which extends in a north-
south direction for over fifty miles. The region is heav-
ily forested, rather hilly and unsuited for agricultural 
purposes. It is essentially unpopulated except for the 
military cantonment area in the extreme northeastern part 





























of the quadrangle. The priucipal drainage is afforded by 
Roubidoux Creek, a shallow northward flowing perennial 
tributary of the Gasconade River. Runoff on the eastern 
edge of the area enters the Little Piney River, which lies 
to the east of the Bloodland area. The eastern half of the 
region consists of a gently rolling plateau. In the west-
ern half of the st~died area, Roubidoux Creek and its trib-
utaries have rather deeply dissected the land surface cre-
ating numerous small steep-sided valleys. Elevation varies 
from 853 feet in Roubidoux Creek in the northern part of 
the quadrangle to a high of 1,309 feet in grid square 7468. 
CLIMATE 
Annual rainfall amounts to 41 inches and normally is 
rather uniformly distributed throughout the year. Monthly 
distribution is indicatea in Figure No. 2. January temper-
atures average 34 degrees Fahrenheit while those in July 
average 76 degrees. Recorded extremes range from minus 34 
to a high of 111 degrees Fahrenheit. Data from U. s. Weather bureau. 
MAP AND PHOTO COVERAGE 
Because of its importance as a military reservation, 
the Fort Wood area has received unusual map coverage. The 
Bloodland area has been mapped as a seven and one-half 
minute map sheet occupying the northwestern quarter of the 
Big Piney fifteen minute quadrangle. Both sheets were pre-




























I I I I I I I I I I I 
JAN FEB MAR APR MAY JUN dUL AUG SEP OCT NOV DEC 
AVERAGE ANNUAL PRECIPITATION ••••••••••••• 41 lNCHES 
AVERAGE JANUARY TEMP.ERATURE ,. • • • • • • • • • • • • • 34 DEGREES, MINIMUM- 34 DEGREES 
AVERAGE JULY TEMPERATURE ••••••• ~ • • • • • • • • • 76 . DEGREES, MAXIMUM 111 DEGREES 
u; s~ Weather Bureau aata 
.FIG. NO. 2 
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Army Map Service the following year. The topographic sheet 
is available with or without the vegetation overprint at a 
scale of 1:24,000 and a contour interval of 10 feet. 
A 1:25,000 scale map employing the Universal Trans-
verse Mercator Grid System has been published by the Army 
Map Service. It was compiled from the 1953 aerial photog-
raphy and printed in 1955. Due to the steep slopes on the 
western half of the map sheet, the choice of a 10 foot con-
tour interval was perhaps unfortunate. A number of contour 
lines have had to be omitted on steep slopes to prevent the 
lines from touching. 
A controlled Photomosaic of this area was constructed 
and printed in 1951 at a scale of 1:25,000. This photo-
mosaic is no longer in stock. (S) 
A planimetric forest type map covering a portion of 
the Bloodland quadrangle has been published by the U. S. 
Forest Service in 1960 at a scale of 1:31,250. This map 
evaluates the saw timber poten·tial of the area which is 
under Forest Service control. 
The latest available aerial photograph coverage of the 
Bloodland region was taken by the Agricultural Stabiliza-
tion and Conservation Service of the U. S. Department of 
Agriculture in June, 1964 at a contracted scale of 1:20,000. 
This photo coverage was used in the Bloodland study. 
IV. GEOLOGY 
The areal geology of the Bloodland Quadrangle is 
relatively simple. Only two formations are exposed; the 
Gasconade and the Roubidoux. Both are members of the 
Canadian series of the Ordovician System. 
GASCONADE FORMATION 
The Gasconade formation is of limited extent in this 
area. It is exposed only along the meanders of Roubidoux 
Creek and the lower reaches of its principal intermittant 
tributaries. In this area the Gasconade is a highly 
ll 
cherty, coarsely crystalline gray brown dolomite. An ex-
tremely persistent basal sandstone member, the Gunter, is 
not exposed but exists in the subsurface and is an impor-
tant aquifer in this region. Howe and Koenig( 9 )have 
established the thickness for the Gasconade in this general 
area to be approximately 300 feet. Well logs of the Blood-
land area are quite scarce, but logs which were examined 
showed roughly this amount of Gasconade plus 15-50 feet of 
the Gunter member not included in the 300 foot figure. Due 
to the very rugged topography where it is exposed, much of 
the Gasconade is covered by float material from the over-
lying Roubidoux formation. However, excellent exposures 
can be seen along Roubidoux Creek where the rock crops out 
in many places as near-vertical cliffs. Well logs indicate 
that moderate amounts of groundwater should be available in 
lower portions of the Gasconade at depths of about 300 feet in the 
Bloodland region. 
ROUBIDOUX FORMATION 
The topographically higher Roubidoux formation overlies the 
Gasconade and is present in about 75-85 per cent of the study area. 
The Roubidoux consists of a sequence of tan, yellow, and gray inter-
bedded sandstones, cherts and fine grained cherty dolomite. Howe 
and Koenig(lO) have estimated a thickness of from 100 to 250 feet 
for this general area. A study of well logs from the files of the 
Missouri Geological Survey indicates that about 85-100 feet is 




Since the soils of the Bloodland area are unsuited for agriculture 
and support a dense forest cover, the area has never received an exten-
sive geologic investigation or soil survey. A detailed soil survey of 
adjoining Laclede County was made in 1914 (ll). Many of the soils 
described-in that work are identical with those of the Bloodland area. 
A generalized soil reconnaissance map of the Ozark region of Arkansas 
and Missouri was made by Marbut in 1914( 12 ). Krausekopf (l3) has 
discussed general characteristics of all important Missouri soil 
(14) 
types, and Mumford published a reconnaissance soil map of Missouri 
in 1931. Durham(l5) has presented engineering data on some soils 
which are siiDiliar to those found in the Bloodland area. The most 
recent and useful work to the terrain analyst, working in Missouri, 
is the Geology and Soils Manual of the State Highway Commission.Cl6). 
This manual provides significant engineering data on soil types which 
occur in the area under study. 
There has been little agreement among the above cited authors 
regarding the characteristics of the individual soil types. However, 
they all agree that the soils found on the upland area are decidedly 
residual,of great age, and for the most part are a direct result of 
weathering in place of the ch~rty Gasconade and Roubidoux formations. 
The distinctions between the upland soils are not great, and as has 
been noted," ••• when all are so similiar the name is of still less 
13 
consequence."(l7) 
Two soil types are present in the Bloodland area,Lebanon soils, 
normally of a silty variety and the Huntington alluvium, a silty 
alluvial floodplain deposit. 
LEBANON SILT 
The Lebanon silt is the principal soil type found in the Blood-
land area. Its presence is readily determined since an important field 
guide to its location is its presence on the higher plateau remnants 
in the eastern half of the study area and on ridgetops between the 
highly dissected areas in the western portion of the quadrzngle. A 
generalized profile of the Lebanon soil type as it exists in the Blood-
land area could be described as follows. 8-24 inches of gray silt 
with chert fragments up to 3 inches grading down into an 8-12 inch 
layer of lighter gray silt including 50-60 per cent of angular chert 
fragments, some of which are 6 inches in diameter. This in turn is 
underlain by several feet of red clay grading down into undisturbed 
Roubidoux sandstone and dolomites. The soils are highly leached 
and devoid of organic matter. Mechanical analyses and Atterberg 
limit tests performed by the author on Lebanon soils found in the 
Bloodland area are shown in Table No. 1. Saville and Davis(l8 )report 
about 80 per cent silt and clay sizes on average analysis of the 
entire "A" profile from samples which they have collected from 
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TABLE NO. 1 
Mechanical Analysis of Soils 
(Ro-Tap, 15 
Analyst: L.• E. Mullins 
Sample No. 
% Passing 
Sieve Size 1 2 3 4 5 










100.0 96.1 99.4 99.1 79.9 
100.0 95.4 98.8 97.2 68.5 
99.3 92.0 95.3 93.6 55.8 
77.9 59.7 57.3 69.6 44.5 
Atterberg Limits 
21 23 21 20 18 
14 20 17 15 18 
7 3 4 5 0 
Unified Soil Classification 
















TABLE NO. 1 (Continued) 
Mechanical Analysis Of Soils 
(Ro-Tap 15 
Analyst: 1. E. Mullins 
Sample No. 
% Passing 
Sieve Size 8 9 10 11 
3/4" 100.0 80.8 89.0 100.0 
No. 4 90.0 69.4 78.6 100.0 
No. 10 81.3 67.1 71.2 98.8 
No. 40 63.5 63.2 64.8 94.1 
No. 200 29.4 50.6 54.5 85.9 
Atterberg Limits 
LL 19 17 19 18 
PL 16 17 16 24 
PI 3 0 3 0 
Unified Soil Classification 
SM CL 
Samples 1-4 Huntington Type 















throughout the state. Laboratory investigations of the 
Bloodland soils agree, in general, with the averages of 
Saville and Davis. Liquid limits and plastic indices for 
the upper 12 inches are about 20 and 2 respectively. Gra-
dation ranges found in Lebanon soils resist classification 
to one group in the unified soil classification system. In 
the Bloodland area it will range from CL to SM. 
A very large number of soil borings have been taken by 
the Kansas City Engineer District of the Corps of Engineers 
in connection with the construction of the cantonment area 
in the extreme northeastern portion of the quadrangle. 
These borings show that the Lebanon silt is underlain by 
about 16-25 feet of gray to reddish brown clay. These 
clays are very unstable, with liquid limits ranging up to 
100 and pl~stic indices of 65. Fortunately they are nor-
mally too deep to affect trafficability in the Bloodland 
area. 
An unusual trafficability problem was noted by the 
author during November 1964. Lebanon silt was selected as 
the site for the construction of an assault airfield near 
Edgar Springs, Missouri during the Goldfire I maneuver ex-
ercise. This soil contains a high percentage of silt and 
clay sized particles, which are easily lifted and ingested 
by turbopropeller aircraft engines. The dust hazard is 
compounded at a critical point in short field landing when 
18 
pilot technique requires the propeller pitch to be reversed 
to assist in aircraft braking. Very large dust clouds were 
generated at this point which totally obscured the pilot's 
vision. 
HUNTINGTON SILT 
The Huntington soil type is a grayish to yellow silt 
of minor areal extent in the Bloodland region. It occurs 
as a uniform unzoned alluvial deposit in the well defined 
floodplain of Roubidoux Creek and along the lower reaches 
of its tributaries. In many localities fifteen feet or 
more of this silt show no soil profile development. Aver-
age mechanical analysis and Atterberg limit tests on sam-
ples of this soil are presented in Table No. l, and are 
slightly less plastic than the average determinations of 
Saville and Davis. Under the unified soil classification 
system, the Huntington type would fall in a boundary area 
and be classed as CL-ML. 
SOILS TESTING PROGRAM 
Cone Penetrometer 
It has been known for many years that the bearing ca-
pacity and traction afforded by a soil depend upon its re-
sistance to shear. For vehicle movement characteristics 
the shear resistance at certain critical depths must be 
measured. For full tracked military vehicles in the 
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100,000 pound weight class of theM 60 tank, the depth of 
this critical layer has been found to be twelve inches. (l9 ) 
Few common combat type vehicles are above this weight so 
the twelve inch depth was considered to be especially sig-
nificant for investigation of soil shear reactions and 
movement potential in the Bloodland area. At the outset 
of this investigation it was thought that a soils testing 
program could be conducted to determine soil shear reactions 
in critical soil zones in the area under study by means of 
the cone penetrometer. This instrument has been developed 
by the Corps of Engineers for the rapid field evaluation of 
soil conditions for cross country movement. 
The penetrometer instrument consists of a 1/2 inch 
diameter aluminum staff tipped with a 30 degree cone, a 
proving ring, a dial reading from 0-300 on an arbitrary 
scale and a handle for exerting downward pressure. Mark-
ings on the staff are located every inch for the first six 
inches and at 6 inch intervals thereafter. Tests with the 
penetrometer are conducted by vertically inserting the 
penetrometer staff into the ground under steadily increas-
ing downward pressure. Dial readings are taken as the base 
of the cone enters the ground and thereafter at six inch 
intervals. These readings are referred to as the rating 
cone index, (RCI). The value of the RCI lies in the fact 
that these indices can be compared with published values of 
vehicle capabilities,termed vehicle cone indices. If an 
20 
area is to be considered trafficable, the rating cone index 
must be equal to or greater than the vehicle cone index. 
It was apparent early in the soils investigation that 
tests with the cone penetrometer could not be carried out 
satisfactorily. The soil types in the study area are too 
hard to permit penetration of the large cone and its inser-
tion to the minimum twelve inch depth. Indeed, in most 
areas, only a few inches of penetration could be estab-
lished at very high loadings. ~he high chert content of 
some of the soils also interferred with the deep penetrom-
eter readings. With these facts in mind, the determination 
of soil shear characteristics with the cone penetrometer 
was abandoned. 
Unconfined Compression Tests 
In fine grained soils shear is related to unconfined 
compressive strength by the following relationship: 
s = 1/2 qu 
where qu is unconfined compressive strength. 
Professor John B. Heagler of the Department of Civil Engi-
neering suggested that the author measure unconfined com-
pressive strength of undisturbed samples at critical depths 
and relate this to soil shear and the rating cone index. 
This approach was attempted utilizing the Soiltest Pocket 
Penetrometer model CL-700. This instrument employs a one-
quarter inch diameter spring-backed calibrated piston which 
21 
required insertion of only 1/4 inch rather than the 12 
inches of the cone penetrometer in order to obtain a read-
ing of unconfined compressive strength. Measurements can 
be obtained from 0-4.5 tons per square foot (0-62 pounds 
per square inch.) 
Twenty-one test holes were dug for examination of com-
pressive strength characteristics during July 1965. Uncon-
fined compressive strength measurements were made in undis-
turbed samples of the two soil types at widely different 
locations, elevations, and topographic positions. Instru-
ment readings were taken at the surface and at six, nine, 
and twelve inch depths. 
Experiments have been conducted by the Ground Mobility 
Branch of the Waterways Experiment Station on the relation-
ships in temperate and tropical soils between the rating 
cone index and unconfined compressive strength. Mr. D. R. 
Freitag, acting chief of the mobility branch kindly supplied 
the author with the data to establish the graph shown in 
Figure No. 3 by means of the best visual fit of a family of 
curves. Using this graph the results of the unconfined 
compression tests can be converted into appropriate rating 
cone indices. The results have been incorporated in Table 
No. 2. In order to provide a frame of reference for these 
results, a list of unpublished rating cone indices for the 
newest armored vehicles is shown in Table No. 3. 
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Tests at the Waterways Experiment Station have shown 
that the top 12" of fine grained soils attains maximum 
moisture early during the wet period and will deviate only 
slightly from the maximum during the remainder of the peri-
od. The wet period, for a temperate, humid climate, is 
from about 1 November to 1 May. ( 20) Frequent rains, low 
temperatures, heavy cloud cover and absence of growing 
plants tends to keep soil moisture content high. 
The month of July 1965 must be considered as an excep-
tion to the general period stated above. A study of weather 
data collected by the weather detachment, Fort Wood Army 
Airfield, indicates that during the month of July, moisture 
fell on 16 of 31 days for the extraordinary total of 8.4 
inches, an even 100 per cent above the long term mean pre-
cipitation. Field measurements of unconfined compressive 
strength, laboratory determination of Atterberg limits, and 
mechanical analysis indicate a probable similarity of be-
havior of Lebanon and Huntington soils. It was felt that 
no division of soils for cross country movement purposes 
was required. The soils will be highly trafficable during 
the 1 May - 1 November period. 
soil trafficability during the 1 November - 1 May pe-
riod is moot. Grain size distribution and "pigeon-holing" 
under the unified soil classification indicates a relative-
ly low order of trafficability, but the soil data obtained 
during a very wet July would indicate a more optimistic 
23 
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TABLE NO. 2 
Soil Strength Characteristics 
Huntington Silt 
Unconfined Rating 
Location Soil Depth qu 2 Compressive Cone 
Inches Tons/ft Strength in psi Index 
0 1.5 20.8 175 
1 6 2.5 34.7 290 
9 4.5 62 500 
12 4.5 62 500 
0 4.5+ 62+ 500+ 
2 6 4.5+ 62+ 500+ 
9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 3.1 43 340 
3 6 4.2 58 475 
9 3.6 50 400 
12 4.0 56 450 
0 4.5+ 62+ 500+ 
4 6 4.5+ 62+ 500+ 
9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 4.5+ 62+ 500+ 
6 4.5+ 62+ 500+ 
5 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
26 
TABLE NO. 2 (Continued) 
Soil Strength Characteristics 
Upland Soil Group 
Lebanon Soils 
Unconfined Rating 
Location Soil Depth qu 2 Compressive Cone 
Inches Tons/ft Strength in psi Index 
0 3.5 49 390 
6 6 4.0 56 450 9 4.0 56 450 
12 4.5+ 62+ 500+ 
0 3.0 42 325 
7 6 3.5 49 390 9 2.75 38 305 
12 2.50 35 290 
0 3.5 49 390 
8 6 4.5 62 500 9 4.5 62 500 
12 4.5+ 62+ 500+ 
0 2.75 38 305 
9 6 4.5+ 62+ 500+ 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 2.75 38 305 
6 4.0 56 450 10 9 4.5 62 500 
12 4.5+ 62+ 500+ 
0 1.75 24 190 
6 1.25 17 150 11 9 2.50 35 290 
0 1.25 17 150 
6 1.75 24 190 12 9 3.75 52 420 
12 4.0 56 450 
0 3.5 49 390 
6 4.5+ 62+ 500+ 13 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
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TABLE NO. 2 (Continued) 
Soil Strength Characteristics 
Upland Soil Group 
Lebanon Soils 
Unconfined Rating 
Location Soil Depth qu 2 Compressive Cone 
Inches Tons/ft Strength in psi Index 
0 3.7 51 
14 6 4.5 62 500 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 3.5 49 390 
15 6 4.5 62 500 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 1.0 14 120 
16 6 2.9 40 320 9 
12 
0 4.5+ 62+ 500+ 
17 6 4.5+ 62+ 500+ 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 4.5+ 62+ 500+ 
18 6 4.5+ 62+ 500+ 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 3.4 47 380 
6 3.4 47 380 19 9 4.5 62+ 500+ 
12 4.3 60 480 
0 4.5+ 62+ 500+ 
6 4.5+ 62+ 500+ 20 9 4.5+ 62+ 500+ 
12 4.5+ 62+ 500+ 
0 1.75 24 190 
6 2.50 35 290 21 9 3.75 52 420 
12 3.75 52 420 
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TABLE NO. 3 
Rating Cone Indices For Standard Vehicles 
Vehicle Type Rating Cone Index 
Tank, 76 MM Gun, M 41 Al 44 
Tank, 90 MM Gun, M 48 A2 52 
Tank, 105 MM Gun, M 60 45 
Vehicle, Tank Recovery, M 88 56 
Carrier, Personnel, Armored, M 59 43 
Carrier, Personnel, Armored, M 113 48 
Gun, 105 MM, Self Propelled, M 107 59 
Gun, 175 MM, Self Propelled, M 109 64 
Gun, 8 inch, Self Propelled, M 110 57 
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VI. TOPOGRAPHIC SLOPE 
RESTRICTIVE SLOPES 
The accurate determination of slope is fundamental for 
any military study of topographic land forms and is of great 
importance in a terrain analysis for cross country movement 
purposes. Slope analysis may be made from a variety of 
methods, but the simplest and most rapid technique consist-
ent with suitable accuracy is to determine the degree of 
slope from a study of the spacings of contour lines found 
on a standard topographic map. The analyst, of course, may 
concern himself with the discrimination of any degree of 
slope but practical considerations with respect to the capa-
bilities of military vehicles will direct his attention 
towards certain critical slope values. One area of princi-
pal interest is the determination of slopes greater than 
45 per cent, this being a generally accepted value of maxi-
mum slope which can be negotiated by standard full-tracked 
vehicles such as medium tanks. ( 2l) Vehicle characteristics 
of currently employed armored personnel carriers of the M59 
through M 113 series as well as that of the newest series 
of self-propelled artillery roughly approximate those of 
the tank. (See Table 2). To be sure, some of these vehi-
cles can climb steeper slopes, but this would require aux-
iliary equipment, unusual effort and extra maneuvering and 
would be seldom attempted in the field. 
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In the Bloodland r~gion these extremely restrictive 
slopes are of small areal extent and totally confined to 
the western half of the map sheet. They are derived from 
the development of the Roubidoux drainage system. This 
portion of the Bloodland area is also the most heavily 
forested. 
INTERMEDIATE SLOPES 
The next delineation which was made in slopes for Cross 
Country Movement purposes was the identification of slope 
values between 25 and 45 per cent. Such slopes are of mil-
itary significance because while they are substantial imped-
iments to vehicle movement, they will not prevent movement. 
Unless these areas have untrafficable soils or dense vege-
tation which will lower their trafficability, they are 
assigned an intermediate trafficability value. Slopes 
which are less than 25 degrees are considered as not im-
peding movement and in the absence of limiting soils or 
vegetation are obviously the desired areas for traffic . 
MEASURING SLOPE VALUE 
Many techniques and devices have been devised by slope 
analysis to speed up the extremely tedious process of slope 
study. One useful template for maps on a scale of 1:24,000 
has been described by Maxwell. (22 ) A similar type device 
used by the author in this study i s shown in Figure No. 4 . 
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) 
spaci~g technique . This slope calculator has been con-
structed as a clear film positive with precisely placed 
lines indicati~g contour spacing requirements for several 
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critical slope values. The device can be used .for maps at 
various scales and contour intervils. The chosen scale 
and· contour interval for the Bloodland map sheet required 
that most .slope determinations he carried out .under magni-
~~-cat.ion. Particular difficulty was encountered in. delin-
eating sl.opes greater than 45 per cent. In many ca·ses; 
cartographic restrictions required the deletiQ~ of many and 
sometimes of all supplementary contours· :: fortWlatel~· these 
ar~as were of minimal ~t.ept anQ ·most of tnese steep slopes 
were checked in the field with an Abney level. The majority 
of those areas mapped as greater than 45 per cent were 
found, on field checking, to be v~rtical or near vertical 
slopes. 
Although the majority of the restrictive slopes are 
associated with the Roubidoux Creek valley, the valley 
itself affords an ideal channel of movement from the slope 
standpoint, and also because of the thinness of its vege-
tative cover. The creek bed is well paved with chert 
pebbles and cobbles and during periods of low water affords 
an excellent route for vehicular movement. Some difficulty 
will be ~ntici~ated by large vehicles leaving the creek bed. 
Throu9hout much of ita lower course, a vertical bluff of 
alluvium 10-15 feet high would prevent mQvem~nt out of the 
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channel and onto the floodplain. 
The entire eastern half of the Bloodland region pos-
sesses slopes of a gentle character and cross country move-
ment will not be hampered by restrictive slopes.· 
MISCELLANEOUS SLOPE VALUES 
Slope is a critical factor not only in cross country 
movement_ mobi~ity .studies for military vehicles, but also 
in aiJ:'borne and air assault operations. For assault land-
ing strips experience has shown that slopes no greater than 
2.5 per cent longitudinally ~nd sliqhtly less transversely 
can be safely and repeatedly negotiated by commonly em-
ployed assault aircraft. Ground slopes also pose a problem 
in parachute operations which must be considered in choice 
of drop zones. Ideally a flat surface is desired; the per-
missible maximum slope is a ~ore difficult question but 
would be on the order of 30 per cent. (23 ) Parachute and 
assault airlift landings are severely limited by rough 
ground conditions such as boulders, small depressions and 
rock outcrops which have little, if any, impact on heli-
borne operations. 
COMPARTMENTATION 
As a valuable by-product of the detailed slope study, 
a network of ridge lines may be determined and added to 
the cross country map. The primary purpose of these lines 
is to indicate the compartmentation of the terrain. A 
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terrain compartment is an area bounded on two sides by 
ridges which limit ground observation and direct fire (line 
of sight) into the area. The compartment includes not only 
the area inclosed but also the limiting geographic feature 
as well. For the military reader, terrain compartmentation 
must be classified with respect to the direction of movement 
of the operating forces. They are corridors when the longer 
dimensions lie generally in the direction of movement or 
lead towards an objective; cross compartment when the longer 
axis of the compartment is perpendicular or highly oblique 
to the objective. Obviously, the corridor approach affords 
ease of movement and is the desired optimum. Ridge line 
determinations from slope studies are also valuable as a 
means of locating future command and observation posts. 
Such locations must be checked in the field since local 
visibility conditions may restrict observation. 
Drainage lines may also form a logical basis for the 
discussion of terrain compartmentation. Both drainage and 
ridge lines can assist in terrain analysis but their em-
ployment on maps, to be effective, requires the utilization 
of multicolor cartographic reproduction techniques and 




The forest types of the Bloodland region consist al-
most entirely of oak and hickory hardwoods. Some syca-
mores are present in the Roubidoux stream valley. It is 
readily apparent from a study of the vegetation print on 
the Bloodland topographic map sheet that much of this area 
is forested. However what is mapped as vegetation by the 
photograrnrne~ist is frequently not vegetation which will 
restrict cross country movement. For this reason the 
vegetation overprint on the standard topographic map can-
not be used in a vegetation analysis except to indicate 
open areas. Recourse must be made to aerial photographs 
to study vegetation density and stern geometry. The prin-
ciple which underlies the vegetation analysis is that 
timber stand density can be determined directly from an 
evaluation of the canopy or crown closure shown on verti-
cal aerial photographs. The determination of the density 
of the timber stands, particularly those densities which 
would restrict movement of armored vehicles approximately 
12 feet wide, was of primary interest to the author. 
After preliminary study of the aerial photography and 
several days of observations on the ground, it was believed 
that movement capabilities could be accurately described 
and displayed on the final movement map by four major 
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vegetative units. One map unit, type I, was further sub-
divided at a later stage in the study to prevent an excess 
of minute map subdivisions which would have distracted 
from the overall presentation and not significantly in-
creased its accuracy. The major vegetation map units are 
indicated in Table No. 4. 
Vegetation crown density was determined from the 
aerial photographs by visual comparison with the prepared 
chart for percentage estimation shown in Figure No. 5. 
Stereoscopic study was accomplished by conventional means 
using a two power pocket stereoscope. Forty photographs 
were studied to obtain coverage of the entire quadrangle. 
Annotations were made with India ink on .003 inch frosted 
acetate placed directly over one photo of the stereo pair. 
Annotations were completed on individual photographs and 
compiled on the Bloodland 1:25,000 map sheet using the 
established road net and major drainage pattern for control 
purposes. The scale change from 1:20,000 to 1:25,000 was 
accomplished by use of the focalmatic projector. Only 
minor photograph distortions were noted and adjustments 
were made during the data transfer. 
FIELD INVESTIGATION 
After the vegetation crown density patterns had been 
completely mapped from the aerial photography, a limited 







TABLE NO. 4 
Vegetation Classification 
Classification Crown Density 
Open areas 0-10% 
Open areas 0-25% 
Open woodland 15-40% 
Dense woodland 40-70% 
Impassable 60-100% 
Woodland 
Mean Restrictive Stem Trafficability 
Density/Acre 
N/A No impediment 
N/A Minor stands of dense 
timber may require 
limited local maneuver 
within this unit. 
126 Low stem density. Some 
maneuvering required. 
229 Local areas may be im-
passable. Passable 
routes do exist but 
considerable maneuver-
ing is required. 
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crown Density Scale 
III, and IV was initiated to check the validity of the 
photo-interpretation. The field methods employed were 
those described by Reed. (24 ) Several accessible plots of 
the various vegetation types were visited and restrictive 
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stem densities computed from one-fifth acre stem counts of 
all trees with diameters at breast height greater than four 
inches. The four inch diameter was selected as restrictive, 
this diameter being the maximum practical diameter which an 
armored vehicle could push over without unusual effort. 
Recent experiments conducted by the Corps of Engineers, 
Waterways Experiment Station utilizing full-tracked armored 
personnel carriers indicate that this may be a conservative 
figure. ( 2S) However, it is believed that the correlation 
of these carefully conducted tests utilizing specially 
adapted vehicles, limited traverses and highly skilled 
operators who were attempting to see just how far they 
could go, will be subject to a considerable lowering when 
an average driver in a standard vehicle is faced with the 
prospect of a traverse through vegetation of unknown ex-
tent. Under these conditions the four inch figure is con-
sidered a reasonable maximum value. 
In any field study of vegetative density, considerable 
importance must be attached to the size of the sampled area 
to insure that a true adequate sample rather than a 
specimen of the vegetation is taken. Towards this end the 
















TABLE NO. 5 
Field Measurements of Stem Density 
























TABLE NO. 5 (Continued) 
Field Measurements of Stem Density 
Type III Vegetation 
Stems 






40 200 Stems per acre: 
40 200 Median 200 

















TABLE NO. 5 (Continued) 
Field Measurements of Stem Density 
















The structural cell is defined as the "minimum area which 
includes a statistically significant sample of all the im-
portant variations, in terms of selected parameters, pres-
ent in a given plant assemblage." Mills,( 27 ) as there-
sult of an extensive study, has concluded that when a 
"plateau diameter" is reached there is little point, sta-
tistically speaking, of further sampling. The equation 
which he presents to determine this diameter is: 
__ (4.47) (Diameter of sample area) ( 28 > Plateau Diameter -
INo. of individuals in sample 
The probable sampling error will be less than 5 per cent 
if 20 individuals are sampled and less than 10 per cent if 
15 individuals are sampled. 
Applying this. equation to mean values of vegetation 
classes II, III, IV of the Bloodland area, the minimum 
cell diameters would be as follows: 
Type II 94.4' 
Type III 69.7' 
Type IV 45.6' 
Out of 34 test sites sampled by the author, more than 20 
sterns were counted at 29 sites, and more than 15 at all 
others. In all cases the diameter of the Bloodland test 
plots exceeded that recommended by Mills. The field study 
should have a high statistical validity. 
While the structural cell concept appears valid and 
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lends itself well to mathematical manipulation for density 
determinations, the treatment of the stem emplacement ge-
ometry has not been solved. Reed's table (Table No. 6) 
is constructed on a random stem emplacement basis and in-
dicates an impassable condition for tanks at a value of 
250 stems/acre. This value appears to be valid for ran-
domly spaced stems. In the Bloodland region only one value 
below this figure was measured in an area that was classi-
fied as type IV (impassable} on the basis of photo-inter-
pretation. Field studies of type III vegetation indicate 
that although 5 out of 13 measurements were above the 250 
stem count, those two that showed greatest deviation (320-
355 stems} were measured in borderline areas between dense 
vegetation and open movement channels. The remaining three 
values (260, 265, 300 stem counts} were noted in the field 
as being extremely difficult for traffic. Although traf-
ficable, movement through these areas is not recommended 
if other routes are available. 
Field density measurements of type II vegetation in-
dicate that these areas can be easily crossed, but some 
maneuvering on the part of the vehicle will be required. 
The field study of type IV plots show an extremely high 
mean density of 545 stems per acre. No amount of maneuver 
will permit trafficability of type IV vegetation. 
While this study is primarily concerned with cross 
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TABLE NO. 6 ( 29 ) 
Effect of Stern Density on Vehicular Movement, M 47 Tank 








1 Stems per acre too large to be pushed over 
Easy: Stems widely enough spaced so that movement 
is possible with little or no maneuvering to 
avoid trees. 
Difficult: Stems closely enough spaced so that consider-
able maneuvering is required to avoid trees. 
Impossible: No amount of maneuvering will enable vehicle 
to pass unless trees are removed. 
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country movement potential of vehicles, it might be appro-
priate to note that much of the Bloodland area has a vege-
tation density which renders it extremely difficult terrain 
for foot troops. In this connection it should be remem-
bered that the stem density counts did not include trees 
less than four inches in diameter, brush, high grasses, 
etc., all of which abound in this area, and while not im-
peding vehicle movement will substantially affect the pass-
ability of an area for foot troops. Type III and IV vege-
tation is jungle-like and presents an almost impenetrable 
obstacle to infantry operations. Ground visibility is on 
the order of 15 meters and fields of fire would be diffi-
cult to obtain, even when on high ground. 
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VIII. CONCLUSIONS 
The primary terrain factor inhibiting cross country 
movement in the Bloodland area is vegetation density. Dis-
tinctions in density and stem geometry can be determined 
from crown cover measurements from aerial photography. 
Vegetation classifications from aerial photos can be cor-
related with ground measurements of restrictive vegetation. 
In the Fort Leonard Wood area a density of about 250 
stems/acre emplaced in a random pattern will preclude 
movement. 
A secondary factor inhibiting movement in the study 
area is restrictive topographic slope. The most extensive 
restrictive slope class was 25-45 per cent. Slopes greater 
than 45 per cent are of minor extent. All of these steep 
slopes are associated with the development of the drainage 
of Roubidoux Creek. These slopes can be divided, although 
with some difficulty, into three trafficability groupings. 
Two distinct soil types are present in the Bloodland 
region; upland silts and clay silts (Lebanon soils), and 
alluvial silt deposits (Huntington soils). Investigation 
of soil trafficability conditions in this area cannot be 
conducted with the cone penetrometer due to the highly 
indurated condition of the soil and scattered chert parti-
cles. Investigation of soil unconfined compressive 
strength can be accurately measured with the pocket 
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penetrometer and correlated with published cone index 
values for military vehicles. Trafficability will be lower 
during the winter months, but the soils of the Bloodland 
Quadrangle will probably be trafficable for tracked mili-
tary vehicles during periods of normal climatic regimen. 
The cross country movement map developed from these 
investigations accurately portrays movement possibilities, 
and relative ease of movement in the Bloodland area for 
military vehicles from a consideration of the effects of 
combinations of several environmental parameters. 
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